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(57) ABSTRACT

The present disclosure provides a process for reducing
by-products in a bisphenol A reaction system. The process
includes the following steps: conveying mother liquor pro-
duced after reaction, concentration, crystallization and sepa-
ration of phenol and acetone to a mother liquor recovery
system; subjecting the mother liquor obtained from the
mother liquor recovery system and a sulfo-containing metal
organic framework catalyst to contact for an 1somerization
reaction; and conveying a product obtained from the 1somer-
ization reaction to the mother liquor recovery system, to
obtain bisphenol A after crystallization and dephenolization.
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PROCESS FOR REDUCING BY-PRODUCTS
IN BISPHENOL A REACTION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from the Chinese patent
application 2024104379754 filed Apr. 11, 2024, the content
of which 1s incorporated herein 1n the entirety by reference.

TECHNICAL FIELD

The present disclosure relates to a process for reducing,
by-products in a bisphenol A reaction system, in particular
to a process for preparing bisphenol A by catalytic 1somer-
1zation of by-products 2,4-BPA, triphenol and chroman 1n a
bisphenol A reaction system.

BACKGROUND ART

Bisphenol A (BPA), with a chemical name of 2,2-bis(4-

hydroxyphenyl)propane, 1s a widely-used organic chemical
raw material prepared through condensation between phenol
and acetone under an action of a catalyst, which 1s mainly
used for producing various high polymer materials such as

polycarbonate and epoxy resin.

2,4-bisphenol A (2,4-BPA for short) will be by-produced
in a bisphenol A reaction, and meanwhile, p-1sopropenylphe-
nol produced through condensation between the phenol and
the acetone can continue to react with a main product
bisphenol A to produce 4-(2,2,4-trimethylbenzopyran-4-yl)
phenol (abbreviated as triphenol). In addition, the raw
phenol contains a small amount of 1sopropylidene acetone
and 1sopropylidene acetone produced by the acetone itself
under acidic catalysis conditions, and 2-2-4-trimethyl-4-(4'-
hydroxyphenyl)-chroman and 1,1,3-trimethyl-1-(4'-hy-
droxyphenyl)indan-6-ol (abbreviated as chroman) are pro-
duced by way of the condensation of the 1sopropylidene
acetone and the phenol. The by-products in the above
bisphenol A reaction aflect purity and chromaticity of the
bisphenol A product, thereby affecting product quality and
downstream application. Therefore, the treatment of crys-
tallization mother liquor becomes a key step to ensure final
product quality and raw matenals.

In order to solve the above problems, more bisphenol A
products are obtained by carrying out an isomerization
reaction on the bisphenol A by-products. Chinese patent CN
2008800049635.0 disclosed a method for preparing bisphenol
A from phenol and acetone through catalytic condensation
reaction 1n the presence of promoted sulfonated 1on
exchange resin, and concentrated crystallization liquor
streams of the bisphenol A are 1somerized in the presence of
a macroporous sulfonated 1on exchange resin catalyst. Chi-
nese patent CN 2013800333778.5 disclosed a method for
preparing bisphenol A. According to the method, a mixture
obtained after a reaction between phenol and acetone 1is
concentrated, crystallized and subjected to solid-liquid sepa-
ration to obtain mother liquor, one part of obtained mother
liquor 1s 1somerized, and then crystallization and solid-liquid
separation are carried out so as to obtain bisphenol A.
Chinese patent CIN 2020800474770.7 disclosed an 1somer-
ization method for a product obtained from preparation of
bisphenol through a condensation reaction between ketone
and phenol. The product and 10n exchange resin containing
sulfo groups are 1somerized under aqueous conditions, and
bisphenol 1s obtained after separation.
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2

At present, catalysts for catalyzing an 1somerization reac-
tion of bisphenol A by-products 2,4-BPA 1n the industry are
acidic 1on exchange resins, however, these catalysts exhibit
relatively poor catalytic selectivity and low catalytic stabil-
ity, and are prone to blockage of pore canals and deactiva-
tion due to coking. This 1s mainly due to the fact that
molecular sizes of the bisphenol A by-products are large,
which requires larger reaction space, and the resin 1s limited
by crosslinking degree and swelling, resulting 1n poor pore
size modulation, which 1s not conducive to mass transier
diffusion of the by-products during a catalytic reaction.
Meanwhile, sulfo groups and sulfydryl exerting catalytic
1Isomerization activity i the 1somerization reaction are likely
to run ofl from the resin, resulting 1n a decrease 1n catalytic
performance as well as corrosion of equipment, thereby
aflecting subsequent separation and product quality.

In conclusion, 1n an existing reaction process for catalyti-
cally synthesizing bisphenol A by utilizing resin, an appro-
priate process solution for obtaiming the bisphenol A through
1Isomerization conversion of by-products 1n a reaction 1s not
considered, and especially for the post-reaction crystallized
mother liquor, 1t lacks an approach to maximize the collec-
tion and enrichment of the by-products, and no appropriate
1Isomerization treatment operation scheme 1s considered for
multi-component and macromolecular by-products. There-
fore, 1t 1s urgent to develop a process for efliciently reducing
by-products 1n a bisphenol A reaction system, and a catalyst,
suitable for an 1somerization reaction of the by-products 1n
the bisphenol A reaction system, obtained through a prepa-
ration method achieving adjustable pore canal structures and
controllable acid sites.

Therefore, the present disclosure develops a novel
1somerization treatment method and an appropriate 1somer-
ization catalyst matched therewith to solve the problems
such as poor enrichment of by-products and poor 1somer-
1zation reaction activity in a catalytic 1somerization treat-
ment process of the bisphenol A by-products. Main innova-
tions are as follows: 1n the 1somerization treatment method,
bisphenol A-contaiming by-products produced after reaction,
concentration, crystallization, and separation of phenol and
acetone are collected, and mother liquor rich 1n the bisphe-
nol A by-products 1s obtained and conveyed to an isomer-
1zation reactor; and a sulfo-containing metal organic frame-
work catalyst with an adjustable sulfonic acid amount and
sullydryl quantity and a suitable bisphenol A macromolecu-
lar by-product reaction 1s used for catalyzing bisphenol A
1somerization by-products, thereby achieving a high conver-

s1on rate of the bisphenol A by-products and a high yield of
the bisphenol A.

SUMMARY

The present disclosure aims to provide a process for
reducing by-products 1n a bisphenol A reaction system. One
part of mother liquor produced after reaction, concentration,
crystallization, and separation of phenol and acetone 1is
respectively conveyed to a cracking rearrangement reactor
and an 1somerization reactor, then the mother liquor and a
sulfo-containing metal organic framework catalyst are 1n
contact for an 1somerization reaction, and an obtained prod-
uct 1s crystallized and separated, to obtain bisphenol A. The
by-products 1 the bisphenol A reaction system are treated
through the process, the bisphenol A by-products are efli-
ciently converted into bisphenol A, with a high conversion
rate of the bisphenol A by-products, and the obtained prod-
uct bisphenol A has a high yield.
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Isomerization reaction equation 1s as follows:

H;C CH;
OH OH
\ /\
/
P R ‘
1o 7 OH
2 4-BPA Bisphenol A

In order to achieve the objectives of the present disclo-
sure, the technical solution of the present disclosure 1s as
follows.

A process for reducing by-products in a bisphenol A
reaction system, mother liquor produced after reaction,
concentration, crystallization, and separation of phenol and
acetone 1s respectively sent to a cracking rearrangement
reactor and an 1somerization reactor, then the mother liquor
1s contacted with a sulfo-containing metal organic frame-
work catalyst for an 1somerization reaction, and an obtained
product 1s crystallized and separated to obtain bisphenol A.

A process for reducing by-products i a bisphenol A
reaction system, includes the following steps:

(a) conveying mother liquor to a mother liquor recovery
system, wherein the mother liquor 1s produced by
reaction, concentration, crystallization and separation
of phenol and acetone;

(b) subjecting the mother liquor obtained from the mother
liquor recovery system to contact with a sulfo-contain-
ing metal organic framework catalyst for an 1someriza-
tion reaction; and

(c) conveying a product obtained from the 1somerization
reaction to the mother liquor recovery system, perform-
ing crystallization and dephenolization to obtain bis-
phenol A.

The step (a) comprises: the phenol and the acetone are
synthesized 1n a bisphenol A reactor to obtain bisphenol A,
and bisphenol A reaction liquor from an outlet of the
bisphenol A reactor 1s conveyed to a concentration tower for
concentration; light components obtained from a tower top
of the concentration tower are recovered by a solvent
recovery system to obtain the phenol and the acetone, and
the phenol and the acetone are conveyed to the bisphenol A
reactor; concentrated reaction liquor obtained from a tower
kettle of the concentration tower 1s conveyed to a crystalli-
zation reactor for crystallization with the phenol, to obtain a
bisphenol A adduct and reactor crystallization mother liquor;
the bisphenol A adduct i1s conveyed to a dephenolization
reactor to remove the phenol therefrom, to obtain a bisphe-
nol A product, the removed phenol 1s conveyed to the mother
liquor recovery system; the reactor crystallization mother
liquor 1s conveyed to the mother liquor recovery system for
mother liquor recovery; and the phenol recovered from the
mother liquor recovery system 1s conveyed to the bisphenol
A reactor, and the bisphenol A adduct recovered from the
mother liquor recovery system 1s conveyed to the crystalli-
zation reactor.

The step (b) comprises: one part of recovery system
crystallization mother liquor obtained aiter recovery of the
phenol and the bisphenol A adduct from the mother liquor
recovery system 1s conveyed to an 1somerization reactor
filled with the sulfo-containing metal organic framework
catalyst for an 1somerization reaction; the other part of the
recovery system crystallization mother liquor 1s conveyed to
a cracking rearrangement reactor for a cracking rearrange-
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ment reaction, and an obtained cracking rearrangement
product 1s conveyed to the mother liquor recovery system;
wherein, 1n the 1somernzation reaction, the catalyst 1s con-
tacted with the mother liquor 1n a fixed-bed reaction, the
reaction temperature ranging from 50° C. to 90° C., the
reaction pressure ranging from 0.1 MPaA to 1.0 MPaA, an

a liquid hourly space velocity ranging from 0.1 h™' to 10 h™".

The step (¢) comprises: an 1somerization product from an
outlet of the 1somerization reactor 1s conveyed to the mother
liquor recovery system for crystallization with the phenol
through the crystallization reactor, to obtain the bisphenol A
adduct, and the bisphenol A adduct enters the dephenoliza-
tion reactor to remove the phenol therefrom, so as to obtain
the bisphenol A product.

The recovery system crystallization mother liquor 1n the
step (a) 1s a mixture containing 2,4-BPA, the phenol, and the
bisphenol A adduct; and the i1somerization reactor 1s a
fixed-bed reactor.

The sulfo-containing metal organic framework catalyst 1n
the step (b) 1s formed by connecting metal 10ns or metal
clusters and organic ligands through coordination bonds,
and metal contained therein 1s one or a combination of Al,
Mg, T1, Cr, Fe, Cu, Zn, Zr, Ce, and Hf; the organic ligands
contained therein are one or a combination of terephthalic
acid, trimesic acid and 1imidazole compounds; a pore size of
the catalyst ranges from 0.5 nm to 10 nm, a specific surface
area ranges from 100 m®/g to 5,000 m*/g, and an amount of
sulfo groups ranges from 0.01 mmol/g to 8.0 mmol/g.

The sulfo-containing metal organic framework catalyst 1s
prepared by any one of the preparation method of one-step
synthesis, post-synthesis acid treatment, or post-synthesis
oxidation treatment.

The one-step synthesis preparation method of the sulfo-
containing metal organic framework catalyst comprises the
following steps: dissolving and stirring metal precursor salts
and sulfo-containing organic ligands in N,N-dimethylamide
and then static crystallizing the solution 1n a crystallization
kettle at 140° C. to 160° C. for 24 hours to 36 hours, and
subjecting an obtained crystallized product to filtering,
washing with methanol and the N,N-dimethylamide, and
drying, to obtain a sulfo-containing metal organic frame-
work material; wherein the metal precursor salt 1s one or a
combination of oxides, nitrates, chloride salts, and acety-
lacetone salts of one or a combination of Al, Mg, T1, Cr, Fe,
Cu, Zn, 7Zr, Ce, and Hf; and the sulfo-contaiming organic
ligands are one or a combination of benzoic acid with sulio
groups, terephthalic acid with sulfo groups, trimesic acid
with sulfo groups, and imidazole compounds with sulio
groups.

The post-synthesis acid treatment preparation method of
the sulfo-containing metal organic framework catalyst com-
prises the following steps: dissolving and stirring metal
precursor salts and organic ligands 1n N,N-dimethylamide,
and then static crystallizing the solution 1n a crystallization

kettle at 120° C. to 160° C. for 24 hours to 48 hours, and
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subjecting a crystallized product obtained 1n the crystalliza-
tion kettle to filtering, washing with methanol and the
N,N-dimethylamide, and drying, to obtain a metal organic
framework precursor; and putting the obtained metal organic
framework precursor into a polytetrafluoroethylene-lined
reaction kettle, adding acidic liquor, sulfonating at 100° C.
to 180° C. for 24 hours, and subjecting an obtained product
to filtering, washing, and drying, to obtain a sulfo-containing
metal organic framework material; wherein the metal pre-
cursor salt 1s one or a combination of oxides, nitrates,
chlornide salts, and acetylacetonates of one or a combination
of Al, Mg, Ti, Cr, Fe, Cu, Zn, Zr, Ce, and HI; the organic
ligands are one or a combination of terephthalic acid not
containing amino groups or containing amino groups, tri-
mesic acid not containing amino groups or containing aminoe
groups, and 1midazole compounds not containing amino
groups or containing amino groups; the metal organic frame-
work material precursor 1s formed by connecting metal 1ons
or metal clusters and organic ligands through coordination
bonds; and the acidic liquor 1s one or a combination of
sulfuric acid, chlorosulfonic acid, and 1,3-propanesultone.

The post-synthesis oxidation treatment preparation
method of the sulfo-containing metal organic framework
catalyst comprises the following steps: dissolving and stir-
ring metal precursor salts and sulfydryl-containing organic
ligands 1 N,N-dimethylamide, and then static crystallizing
the solution 1n a crystallization kettle at 110° C. to 140° C.
for 24 hours to 48 hours, and subjecting a crystallized
product obtained in the crystallization kettle to filtering,
washing with ethanol, and drying, to obtain a metal organic
framework precursor; and putting the obtained metal organic
framework precursor into a polytetratluoroethylene-lined
reaction kettle, adding oxidative liquor, oxidizing at 50° C.
to 60° C. for 2 hours to 6 hours, and subjecting an obtained
product to filtering, washing, and drying, to obtain a sulifo-
containing metal organic framework material; wherein the
metal precursor salt 1s one or a combination of oxides,
nitrates, chloride salts, and acetylacetonates of one or a
combination of Al, Mg, T1, Cr, Fe, Cu, Zn, Zr, Ce, and Hf;
the organic ligands are one or a combination of terephthalic
acid containing alkyl sultydryl or amino sulfydryl, trimesic
acid contaiming alkyl sulfydryl or amino sulfydryl, and
imidazole compounds containing alkyl sulfydryl or amino
sullydryl; and the metal organic framework material precur-
sor 1s formed by connecting metal 1ons or metal clusters and
organic ligands through coordination bonds; the oxidative
liquor 1s hydrogen peroxide.

The present disclosure has the following advantages and
beneficial eflects:

(1) The novel process for reducing the by-products in the
bisphenol A reaction system involved 1n the present disclo-
sure 15 characterized in that a process for the 1somerization
reaction of the bisphenol A by-products 1s invented, the
bisphenol A by-products can be efliciently converted into the
bisphenol A, and a catalytic conversion rate of bisphenol A
by-products 2,4-BPA 1s high, which can reach 28% to 55%;

and bisphenol A selectivity 1s high, which can reach 80% to
90%.

(2) The novel process for reducing the by-products in the
bisphenol A reaction system involved 1n the present disclo-
sure 15 characterized 1n that the catalyst for the 1somerization
reaction of the bisphenol A by-products 1s invented, an
amount of sulfonic acid and a pore size of the catalyst can
be adjusted, and a catalytic conversion rate of the bisphenol
A by-products 1s high, which can reach 28% to 55%; and
bisphenol A selectivity 1s high, which can reach 80% to 90%.

10

15

20

25

30

35

40

45

50

55

60

65

6

(3) The novel process for reducing the by-products in the
bisphenol A reaction system involved 1n the present disclo-
sure 1s characterized 1n that the catalyst for the 1somerization
reaction of the bisphenol A by-products 1s invented, achiev-
ing a decrease 1n acidic functional groups such as sulio
groups and sultydryl running off from the catalyst and
alleviation of corrosion to equipment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a simplified flowchart of a process for reducing,
by-products 1 a bisphenol A reaction system according to
the present disclosure.

Wherein, 101: bisphenol A reactor, 102: concentration
tower, 103: crystallization reactor, 104: dephenolization
reactor, 105: solvent recovery system, 106: mother liquor
recovery system, 107: 1somerization reactor, and 108: crack-
Ing rearrangement reactor.

FIG. 2 1s an X-ray diffraction
sample S1 prepared in Example 1.

FIG. 3 1s an X-ray diffraction
sample S2 prepared 1in Example 2.

FIG. 4 1s an X-ray diflraction
sample S3 prepared 1in Example 3.

FIG. 5§ 1s an X-ray diflraction
sample S4 prepared in Example 4.

FIG. 6 1s an X-ray diflraction
sample S5 prepared 1n Example 3.

FIG. 7 1s an X-ray diflraction
sample S6 prepared 1n Example 6.

FIG. 8 1s an X-ray diffraction
sample S7 prepared in Example 7.

FIG. 9 1s an X-ray diffraction
sample S8 prepared in Example 8.

FIG. 10 1s an X-ray diffraction spectrum diagram
sample S9 prepared 1n Example 9.

spectrum diagram of a

of a

spectrum diagram

of a

spectrum diagram

of a

spectrum diagram

of a

spectrum diagram

of a

spectrum diagram

of a

spectrum diagram

of a

spectrum diagram

of a

DETAILED DESCRIPTION OF THE PRESENT
DISCLOSURE

The present disclosure 1s further described 1n detail below
with reference to the accompanying drawings and specific
examples. The following examples are merely descriptive
and not restrictive, and do not limit the scope of protection
of the present disclosure.

The specific implementation process of the method of the
present application 1s described below with specific
examples.

Example 1

In this example, a bisphenol A preparation process 1s as
follows (shown 1n FIG. 1):

(a) phenol and acetone are synthesized 1n a bisphenol A
reactor 101, to obtain bisphenol A, and bisphenol A
reaction liquor from an outlet of the bisphenol A reactor
101 1s conveyed to a concentration tower 102 for
concentration; light components obtained from a tower
top of the concentration tower 102 are recovered by a
solvent recovery system, to obtain the phenol and the
acetone, and the phenol and the acetone are conveyed
to the bisphenol A reactor 101; concentrated reaction
liquor obtained from a tower kettle of the concentration
tower 102 1s conveyed to a crystallization reactor 103
for crystallization with the phenol, to obtain a bisphe-
nol A adduct and reactor crystallization mother liquor;
the bisphenol A adduct i1s conveyed to a dephenoliza-
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tion reactor 104 to remove the phenol therefrom, to
obtain a bisphenol A product, the removed phenol 1s

conveyed to the mother liquor recovery system 106; the
reactor crystallization mother liquor 1s conveyed to the
mother liquor recovery system 106 for mother liquor
recovery; and the phenol recovered from the mother
liquor recovery system 106 1s conveyed to the bisphe-
nol A reactor 101, and the bisphenol A adduct recovered
from the mother liquor recovery system 106 1s con-
veyed to the crystallization reactor 103;

(b) one part of recovery system crystallization mother
liquor obtained after recovery of the phenol and the
bisphenol A adduct from the mother liquor recovery
system 106 1s conveyed to an 1somerization reactor 107
filled with a sulfo-containing metal organic framework
catalyst for an 1somerization reaction; the other part of
the recovery system crystallization mother liquor
obtained after recovery of the phenol and the bisphenol
A adduct from the mother liquor recovery system 106
1s conveyed to a cracking rearrangement reactor 108 for
a cracking rearrangement reaction, and an obtained
cracking rearrangement product 1s conveyed to the
mother liquor recovery system 106; and

() an 1somerization product from an outlet of the 1somer-
ization reactor 107 1s conveyed to the mother liquor
recovery system 106.

In this example, the sulfo-containing metal organic frame-
work catalyst 1s prepared by one-step synthesis, the prepa-
ration process 1s as follows: a metal precursor salt (10 g of
zinc tetrachloride) and a ligand (11.6 g of 2-sulfoterephthalic
acid) are dissolved 1 800 mL of N,N-dimethylamide and
tully stirred, and a mixture 1s poured into a crystallization
kettle for static crystallization at 140° C. for 24 hours. An
obtained crystallized product 1s filtered, washed with metha-
nol and the N,N-dimethylamide, and drnied, to obtain a
sulfo-containing metal organic framework material S1. The
obtained product S1 1s subjected to XRD analysis, and an
XRD spectrum 1s shown in FIG. 2, indicating that the
product 1s the sulfo-containing metal organic framework
catalyst with a structure. It can be shown from Table 1 that
a specific surface area of the obtained sample S1 1s 960
m2/g, a mean pore size 1s 4.5 nm, and sulfo content 1s 2.85
mmol/g.

In this example, the prepared sulfo-containing metal
organic framework material S1 1s put 1n the 1somerization
reactor, the catalyst S1 and the mother liquor are 1n contact
in the fixed-bed reactor, a reaction temperature 1s 50° C., a
reaction pressure 1s 0.1 MPaA, and a liqud hourly space
velocity is preferably 0.1 h™". The sulfo-containing metal
organic framework catalyst sample S1 obtained 1n Example
1 1s used to catalyze the 1somerization reaction of the mother
liquor, a conversion rate of 2,4-BPA 1s 28%, and bisphenol
A selectivity 1s 80%.

Example 2

In this example, a bisphenol A preparation process 1s the
same as the bisphenol A preparation process in Example 1.

In this example, the sulfo-containing metal organic frame-
work catalyst 1s prepared by one-step synthesis, the prepa-
ration process 1s as follows: a metal precursor salt (10 g of
hatnium chloride) and a ligand (7.4 g of 2,6-dicarboxyl-4,
8-dinaphthalene sulfonic acid) are dissolved in 960 mL of
N,N-dimethylamide and fully stirred, and a mixture 1s
poured 1nto a crystallization kettle for static crystallization at
160° C. for 36 hours. An obtained crystallized product is
filtered, washed with ethanol, and dried, to obtain a sulfo-
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containing metal organic framework material S2. The
obtained product S2 1s subjected to XRD analysis, and an
XRD spectrum 1s shown in FIG. 3, indicating that the
product 1s the sulfo-containing metal organic framework
catalyst with a structure. It can be shown from Table 1 that
a specific surface area of the obtained sample S2 is 821 m*/g,
a mean pore size 1s 6.8 nm, and sulfo content 1s 3.46 mmol/g.

In this example, the prepared sulio-containing metal
organic framework material S2 1s put in an 1somerization
reactor, the catalyst S2 and mother liquor are in contact in
the fixed-bed reactor, a reaction temperature 1s 70° C., a
reaction pressure 1s 0.2 MPaA, and a liquid hourly space
velocity is preferably 10 h™'. The sulfo-containing metal
organic Iramework catalyst sample S2 obtained from
Example 2 1s used to catalyze the 1somerization reaction of

the mother liquor, a conversion rate of 2,4-BPA 1s 35%, and
bisphenol A selectivity 1s 82%.

Example 3

In this example, a bisphenol A preparation process 1s the
same as the bisphenol A preparation process 1n Example 1.

In this example, the sulfo-containing metal organic frame-
work catalyst 1s prepared by one-step synthesis, the prepa-
ration process 1s as follows: a metal precursor salt (10 g of
aluminum nitrate) and a ligand (8.8 g of 1-sulfo trimesic
acid) are dissolved 1n 780 mL of N,N-dimethylamide and
tully stirred, and a mixture 1s poured into a crystallization
kettle for static crystallization at 150° C. for 30 hours. An
obtained crystallized product 1s filtered, washed with etha-
nol, and dried, to obtain a sulfo-contaiming metal organic
framework material S3. The obtained product S3 i1s sub-
jected to XRD analysis, and an XRD spectrum 1s shown in
FIG. 4, indicating that the product 1s the sulfo-containing
metal organic framework catalyst with a structure. It can be
shown from Table 1 that a specific surface areca of the
obtained sample S3 is 803 m®/g, a mean pore size is 6.5 nm,
and sulfo content 1s 3.33 mmol/g.

In this example, the prepared sulio-containing metal
organic framework material S3 1s put in an 1somerization
reactor, the catalyst S3 and mother liquor are in contact in
the fixed-bed reactor, a reaction temperature 1s 63° C., a
reaction pressure 1s 0.2 MPaA, and a liquid hourly space
velocity is preferably 10 h™'. The sulfo-containing metal
organic Iramework catalyst sample S3 obtained from
Example 3 1s used to catalyze the 1somerization reaction of
the mother liquor, a conversion rate of 2,4-BPA 1s 39%, and
bisphenol A selectivity 1s 84%.

Example 4

In this example, a bisphenol A preparation process 1s the
same as the bisphenol A preparation process in Example 1.

In this example, the sulfo-containing metal organic frame-
work catalyst 1s prepared by a post-synthesis acid treatment,
the preparation process 1s as follows: a metal precursor salt
(10.5 g of zirconium tetrachloride) and a ligand (10.5 g of
terephthalic acid) are dissolved 1n 800 mL of N,N-dimeth-
ylamide and fully stirred, and a mixture 1s poured nto a
crystallization kettle for static crystallization at 120° C. for
24 hours. An obtained crystallized product 1s filtered,
washed with the methanol and N,N-dimethylamide, and
dried, to obtain a metal organic framework material. The
obtained metal organic framework material 1s put in a
polytetrafluoroethylene-lined reaction kettle, acid liquor
(100 mL of chlorosulfonic acid) 1s added for sulfonation
treatment at 100° C. for 24 hours, and an obtained product
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1s filtered, washed, and dried, to obtain a sulfo-containing
metal organic framework material S4. The obtained product
S4 1s subjected to XRD analysis, and an XRD spectrum 1s
shown 1n FIG. 5, indicating that the product 1s the sulfo-
containing metal organic framework catalyst with a struc-
ture. It can be shown from Table 1 that a specific surface area
of the obtained sample S4 is 793 m~/g, a mean pore size is
8.5 nm, and sulfo content 1s 5.57 mmol/g.

In this example, a bisphenol A preparation process 1s the
same as the bisphenol A preparation process in Example 1.

In this example, the prepared sulfo-containing metal
organic framework material S4 1s put in an 1somerization
reactor, the catalyst S4 and mother liquor are in contact in
the fixed-bed reactor, a reaction temperature 1s 90° C., a
reaction pressure 1s 0.5 MPaA, and a liqud hourly space
velocity is preferably 0.5 h™". The sulfo-containing metal
organic framework catalyst sample S4 obtained 1n Example
4 1s used to catalyze the 1somerization reaction of the mother
liquor, a conversion rate of 2,4-BPA 1s 37%, and bisphenol
A selectivity 1s 90%.

Example 5

In this example, a bisphenol A preparation process 1s the
same as the bisphenol A preparation process in Example 1.

In this example, the sulfo-containing metal organic frame-
work catalyst 1s prepared by a post-synthesis acid treatment,
the preparation process 1s as follows: a metal precursor salt
(7.6 g of 1ron nitrate nonahydrate) and a ligand (6.5 g of
trimesic acid) are dissolved 1n 700 mL of N,N-dimethylam-
ide and fully stirred, and a mixture 1s poured into a crystal-
lization kettle for static crystallization at 160° C. for 48
hours. An obtained crystallized product 1s filtered, washed
with ethanol, and dried, to obtain a metal organic framework
material. The obtained metal organic framework material 1s
put 1n a polytetrafluoroethylene-lined reaction kettle, acid
liquor (100 mL of 1,3-propanesultone) 1s added for sulfona-
tion treatment at 180° C. for 24 hours, and an obtained
product 1s filtered, washed, and dried, to obtain a sulio-
contaiming metal organic framework material S5. The
obtained product S5 1s subjected to XRD analysis, and an
XRD spectrum 1s shown in FIG. 6, indicating that the
product 1s the sulfo-containing metal organic framework
catalyst with a structure. It can be shown from Table 1 that
a specific surface area of the obtained sample S5 is 755 m*/g,
a mean pore size 1s 9.2 nm, and sulfo content 1s 4.22 mmol/g.

In this example, a bisphenol A preparation process 1s the
same as the bisphenol A preparation process in Example 1.

In this example, the prepared sulfo-containing metal
organic Iframework material S5 1s put 1n an 1somerization
reactor, the catalyst S5 and mother liquor are 1n contact in
the fixed-bed reactor, a reaction temperature 1s 60° C., a
reaction pressure 1s 1.0 MPaA, and a liquid hourly space
velocity is preferably 0.2 h™'. The sulfo-containing metal
organic framework catalyst sample S5 obtained in Example
5 1s used to catalyze the 1somerization reaction of the mother
liquor, a conversion rate of 2,4-BPA 1s 43%, and bisphenol
A selectivity 15 90%.

Example 6

In this example, a bisphenol A preparation process 1s the
same as the bisphenol A preparation process in Example 1.
In this example, the sulfo-containing metal organic frame-
work catalyst 1s prepared by a post-synthesis acid treatment,
the preparation process 1s as follows: a metal precursor salt
(10 g of copper nitrate) and a ligand (6.5 g of trimesic acid)
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are dissolved in 700 mL of N,N-dimethylamide and fully
stirred, and a mixture 1s poured 1nto a crystallization kettle
for static crystallization at 130° C. for 36 hours. An obtained
crystallized product 1s filtered, washed with ethanol, and
dried, to obtain a metal organic framework material. The
obtained metal organic framework material 1s put in a
polytetrafluoroethylene-lined reaction kettle, acid liquor
(100 mL of 1,3-propanesultone) 1s added for sulfonation
treatment at 180° C. for 24 hours, and an obtained product
1s filtered, washed, and dried, to obtain a sulfo-containing
metal organic framework material S6. The obtained product
S6 1s subjected to XRD analysis, and an XRD spectrum 1s
shown 1 FIG. 7, indicating that the product 1s the sulfo-
containing metal organic framework catalyst with a struc-
ture. It can be shown from Table 1 that a specific surface area
of the obtained sample S6 is 783 m~/g, a mean pore size is
9.4 nm, and sulfo content 1s 4.36 mmol/g.

In this example, a bisphenol A preparation process 1s the
same as the bisphenol A preparation process 1n Example 1.

In this example, the prepared sulio-containing metal
organic framework material S6 1s put in an 1somerization
reactor, the catalyst S6 and mother liquor are i contact in
the fixed-bed reactor, a reaction temperature 1s 65° C., a
reaction pressure 1s 1.0 MPaA, and a liquid hourly space
velocity is preferably 0.2 h™'. The sulfo-containing metal
organic framework catalyst sample S6 obtained in Example
6 1s used to catalyze the 1somerization reaction of the mother

liquor, a conversion rate of 2,4-BPA 1s 47%, and bisphenol
A selectivity 15 88%.

Example 7

In this example, a bisphenol A preparation process 1s the
same as the bisphenol A preparation process in Example 1.

In this example, the sulfo-containing metal organic frame-
work catalyst 1s prepared by a post-synthesis oxidation
treatment, the preparation process 1s as follows: a metal
precursor salt (10 g of chromium nitrate) and a ligand (8.3
g of 2,5-dimercaptoterephthalic acid) are dissolved m 660
mlL of N,N-dimethylamide and fully stirred, and a mixture
1s poured 1nto a crystallization kettle for static crystallization
at 110° C. for 24 hours. An obtained crystallized product 1s
filtered, washed with ethanol, and dried, to obtain a metal
organic framework material. The obtained metal organic
framework material 1s put 1n a polytetratluoroethylene-lined
reaction kettle, oxidative liquor (20 mL of hydrogen perox-
ide) 1s added for oxidation treatment at 50° C. for 2 hours,
and an obtained product 1s filtered, washed, and dried, to
obtain a sulfo-containing metal organic framework material
S7. The obtained product S7 1s subjected to XRD analysis,
and an XRD spectrum 1s shown 1n FIG. 8, indicating that the
product 1s the sulfo-containing metal organic framework
catalyst with a structure. It can be shown from Table 1 that
a specific surface area of the obtained sample S7 is 726 m*/g,
a mean pore size 1s 10.5 nm, and sulfo content 1s 6.02
mmol/g.

In this example, a bisphenol A preparation process 1s the
same as the bisphenol A preparation process in Example 1.

In this example, the prepared sulfo-containing metal
organic framework material S7 1s put in an 1somerization
reactor, the catalyst 87 and mother liquor are in contact in
the fixed-bed reactor, a reaction temperature 1s 80° C., a
reaction pressure 1s 0.7 MPaA, and a liquid hourly space
velocity is preferably 3.0 h™". The sulfo-containing metal
organic Iframework catalyst sample S7 obtamned from
Example 7 1s used to catalyze the 1somerization reaction of
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the mother liquor, a conversion rate of 2,4-BPA 1s 55%, and
bisphenol A selectivity 1s 87%.

Example 8

In this example, a bisphenol A preparation process 1s the
same as the bisphenol A preparation process in Example 1.

In this example, the sulfo-containing metal organic frame-
work catalyst 1s prepared by a post-synthesis oxidation, the
preparation process 1s as follows: a metal precursor salt (10
g of titantum chloride) and a ligand (7.4 g of 4,8-dimercapto-
2.,6-naphthalenedicarboxylic acid) are dissolved 1n 850 mL
of N.N-dimethylamide and fully stirred, and a mixture is
poured 1nto a crystallization kettle for static crystallization at
140° C. for 48 hours. An obtained crystallized product is
filtered, washed with ethanol, and dried, to obtain a metal
organic framework material. The obtained metal organic
framework material 1s put 1n a polytetratluoroethylene-lined
reaction kettle, oxidative liquor (35 mL of hydrogen perox-
ide) 1s added for oxidation treatment at 60° C. for 6 hours,
and an obtained product 1s filtered, washed, and dried, to
obtain a sulfo-containing metal organic framework material
S8. The obtained product S8 1s subjected to XRD analysis,
and an XRD spectrum 1s shown 1n FIG. 9, indicating that the
product 1s the sulfo-containing metal organic framework
catalyst with a structure. It can be shown from Table 1 that
a specific surface area of the obtained sample S8 is 866 m~/g,
a mean pore size 1s 5.7 nm, and sulfo content 1s 4.38 mmol/g.

In this example, a bisphenol A preparation process 1s the
same as the bisphenol A preparation process in Example 1.

In this example, the prepared sulfo-containing metal
organic framework material S8 1s put in an 1somerization
reactor, the catalyst S8 and mother liquor are in contact in
the fixed-bed reactor, a reaction temperature 1s 70° C., a
reaction pressure 1s 0.5 MPaA, and a liqud hourly space
velocity is preferably 7.0 h™'. The sulfo-containing metal
organic framework catalyst sample S8 obtained 1n Example
8 1s used to catalyze the 1somerization reaction of the mother

liquor, a conversion rate of 2,4-BPA 1s 48%, and bisphenol
A selectivity 15 89%.

Example 9

In this example, a bisphenol A preparation process 1s the
same as the bisphenol A preparation process in Example 1.

In this example, the sulfo-containing metal organic frame-
work catalyst 1s prepared by a post-synthesis oxidation
preparation process of a 1s as follows: a metal precursor salt
(6.6 g of magnesium nitrate and 3.4 g certum nitrate) and a
ligand (6.9 g of 2,5-dimercaptoterephthalic acid) are dis-
solved 1n 820 mL of N,N-dimethylamide and fully stirred,
and a mixture 1s poured nto a crystallization kettle for static
crystallization at 120° C. for 36 hours. An obtained crystal-
lized product 1s filtered, washed with ethanol, and dried, to
obtain a metal organic framework material. The obtained
metal organic framework material 1s put 1n a polytetratiuo-
roethylene-lined reaction kettle, oxidative liquor (40 mL of
hydrogen peroxide) 1s added for oxidation treatment at 535°
C. for 4 hours, and an obtained product 1s filtered, washed,
and dried, to obtain a sulfo-containing metal organic frame-
work material S9. The obtained product S9 1s subjected to
XRD analysis, and an XRD spectrum 1s shown 1n FIG. 10,
indicating that the product 1s the sulfo-containing metal
organic framework catalyst with a structure. It can be shown
from Table 1 that a specific surface area of the obtained
sample S9 is 833 m*/g, a mean pore size is 5.3 nm, and sulfo
content 1s 4.06 mmol/g.
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In this example, a bisphenol A preparation process 1s the
same as the bisphenol A preparation process in Example 1.

In this example, the prepared sulfo-containing metal
organic framework material S9 1s put in an 1somerization
reactor, the catalyst S9 and mother liquor are 1n contact in
the fixed-bed reactor, a reaction temperature 1s 63° C., a
reaction pressure 1s 0.5 MPaA, and a liquid hourly space
velocity is preferably 6.0 h™'. The sulfo-containing metal
organic Iramework catalyst sample S9 obtained from
Example 9 1s used to catalyze an 1somerization reaction of

the mother liquor, a conversion rate of 2,4-BPA 1s 45%, and
bisphenol A selectivity 1s 87%.

In the above examples, calculation methods for the con-
version rate of 2,4-BPA and bisphenol A selectivity are as
follows:

Conversion rate of 2,4-BPA=(feed quantity of 2.4-
BPA-quantity of unreacted 2,4-BPA)/feed quan-
tity of 2,4-BPAx100%.

Bisphenol 4 selectivity=yield of bisphenol 4/quan-
tity of products produced from 2,4-BPAx100%.

In the method provided by the patent for the present
disclosure, the method for converting 2,4-BPA into bisphe-
nol A by isomerization ol a mixture containing 2,4-BPA,
phenol and the bisphenol A adduct as a raw material 1s
proposed for the by-product 2,4-BPA 1n production of bis-
phenol A. In order to show an eflect of the catalyst in
catalytically converting 2,4-BPA into bisphenol A in the
method provided by the patent for the present disclosure,
2.4-BPA 1s used as the raw material for the 1somerization
reaction in Example 1 to Example 9, and obtained results are
shown 1n Table 2. It can be shown from Table 2 that the
sulfo-contaiming metal organic framework catalyst samples

S1 to S9 obtained in Example 1 to Example 9 have a good
conversion rate ol 2,4-BPA (28% to 55%), and bisphenol A

selectivity 1n the sulfo-containing metal organic framework
catalysts 1s high (80% to 90%). This means that the purpose
of catalyzing the eflicient isomerization of 2,4-BPA to pre-
pare bisphenol A 1s achieved by utilizing the sulfo-contain-
ing metal organic framework catalyst in the patent for the
present disclosure. In view of the eflect of catalyzing, by the
catalyst, the 1somerization reaction of 2,4-BPA to produce
bisphenol A, the method provided by the patent for the
present disclosure can catalytically convert the by-product
2.,4-BPA 1 bisphenol A, content of the by-product 2,4-BPA
can be significantly reduced, and 2,4-BPA can be converted
into bisphenol A with high selectivity. In conclusion, it can
be shown that by the adoption of the method provided by the
patent for the present disclosure, the quantity of the by-
product 2,4-BPA 1n production of bisphenol A can be sig-
nificantly reduced, and meanwhile 2,4-BPA 1s converted into
bisphenol A with high selectivity, thereby increasing the

yield of bisphenol A.

TABLE 1

Specific Mean Sulfo

Metal surface area  pore size content

Sample composition (m?/g) (nm) (mmol/g)
S1 i Example 1 /n 960 4.5 2.85
S2 1in Example 2 Hif 821 6.8 3.46
S3 1 Example 3 Al 803 6.5 3.33
S4 1n Example 4 VA 793 8.5 5.57
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TABLE 1-continued

Specific Mean Sulfo
Metal surface area  pore size content
Sample composition (m?/g) (nm) (mmol/g)
S5 1in Example 3 Fe 735 9.2 4.22
S6 1n Example 6 Cu 783 9.4 4.36
S7 1n Example 7 Cr 726 10.5 6.02
S8 in Example & Ti 866 5.7 4.38
S9 in Example 9 Mg and Ce 833 5.3 4.06
TABLE 2
Conversion rate of Bisphenol A selectivity

Sample 2,4-BPA (%) (%0)
S1 in Example 1 28 80
S2 1in Example 2 35 82
S3 1in Example 3 39 84
S4 1n Example 4 37 90
S5 1in Example 5 43 90
S6 1n Example 6 47 88
S7 1n Example 7 55 &7
S8 1n Example 8 48 89
S9 in Example 9 45 87

The foregoing details of preferred implementations of the
present disclosure have been described 1n conjunction with
the accompanying drawings, however, the present disclosure
1s not limited to the specific details of the foregoing imple-
mentations, and various simple modifications may be made
to the technical solution of the present disclosure within the
scope of the technical concept of the present disclosure,
where all the simple modifications fall within the scope of
protection of the present disclosure.

In addition, i1t should be noted that various specific
technical features described 1n the foregoing specific imple-
mentations can be combined 1 any appropriate manner
without contlicts, and 1n order to avoid unnecessary repeti-
tions, various possible combination manners are not addi-
tionally specified in the present disclosure.

In addition, various different implementations of the pres-
ent disclosure can also be combined at will, and should also
be regarded as the content disclosed 1n the present disclosure
without departing from the thought of the present disclosure.

What 1s claimed 1s:

1. A process for reducing by-products in a bisphenol A

reaction system, comprising the following steps:

(a) conveying mother liquor to a mother liquor recovery
system, wherein the mother liquor i1s produced by
reaction, concentration, crystallization and separation
of phenol and acetone;

(b) subjecting the mother liquor obtained from the mother
liquor recovery system to contact with a sulfo-contain-
ing metal organic framework catalyst for an 1someriza-
tion reaction; and

(c) conveying a product obtained from the 1somerization
reaction to the mother liquor recovery system, performs-
ing crystallization and dephenolization to obtain bis-
phenol A;

wherein the sulfo-containing metal organic framework
catalyst 1n step (b) 1s formed by connecting metal 10ns

or metal clusters and organic ligands through coordi-
nation bonds, and metal contained therein 1s one or a
combination of Al, Mg, Ti, Cr, Fe, Cu, Zn, Zr, Ce, and
Hf; the organic ligands are one or a combination of
terephthalic acid and trimesic acid; a pore size of the
catalyst ranges from 0.5 nm to 10 nm, a specific surface
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area ranges from 100 m®/g to 5,000 m®/g, and an
amount ol sulfo groups ranges from 0.01 mmol/g to 8.0
mmol/g;

the sulfo-containing metal organic framework catalyst 1s

prepared by any one of a one-step synthesis preparation
method, postsynthesis acid treatment preparation
method, or postsynthesis oxidation treatment prepara-

tion method:;

the one-step synthesis preparation method of the sulio-

containing metal organic framework catalyst comprises
the following steps: dissolving and stirring metal pre-
cursor salts and sulfo-containing organic ligands 1n
N,N-dimethylamide and then static crystallizing the
solution 1n a crystallization kettle at 140° C. to 160° C.
for 24 hours to 36 hours, and subjecting an obtained
crystallized product to filtering, washing with methanol
and the N,N-dimethylamide, and drying, to obtain a
sulfo-containing metal organic framework material;
wherein the metal precursor salt 1s one or a combina-
tion of oxides, nitrates, chloride salts, and acetylaceto-
nates of one or a combination of Al, Mg, 11, Cr, Fe, Cu,
/n, 71, Ce, and Hf; the sulfo-containing organic ligands
are one or a combination of benzoic acid with sulio
groups, terephthalic acid with sulfo groups, and trime-
sic acid with sulfo groups;

the post-synthesis acid treatment preparation method of

the sulfo-containing metal organic framework catalyst
comprises the following steps: dissolving and stirring,
metal precursor salts and organic ligands 1 N,N-
dimethylamide and then static crystallizing the solution
in a crystallization kettle at 120° C. to 160° C. for 24
hours to 48 hours, and subjecting a crystallized product
obtained 1n the crystallization kettle to filtering, wash-
ing with methanol and the N,N-dimethylamide, and
drying, to obtain a metal organic framework precursor;
and putting the obtained metal organic framework
precursor nto a polytetratluoroethylene-lined reaction
kettle, adding acidic liquor, sulfonating at 100° C. to
180° C. for 24 hours, and subjecting an obtained
product to filtering, washing, and drying, to obtain a
sulfo-containing metal organic framework matenal;
wherein the metal precursor salt 1s one or a combina-
tion of oxides, nitrates, chloride salts, and acetylaceto-
nates of one or a combination of Al, Mg, 11, Cr, Fe, Cu,
/n, 7Zr, Ce, and Hf; the organic ligands are one or a
combination of terephthalic acid not containing amino
groups or containing amino groups and trimesic acid
not containing amino groups or containing amino
groups; the metal organic framework precursor 1is
formed by connecting metal 1ons or metal clusters and
organic ligands through coordination bonds; and the
acidic liquor 1s one or a combination of sulfuric acid,
chlorosulfonic acid, and 1,3-propanesultone; and

the post-synthesis oxidation treatment preparation method

of the sulfo-containing metal organic framework cata-
lyst comprises the following steps: dissolving and
stirring metal precursor salts and sultydryl-containing,
organic ligands in N,N-dimethylamide and then static
crystallizing the solution in a crystallization kettle at
110° C. to 140° C. for 24 hours to 48 hours, and
subjecting a crystallized product obtained 1n the crys-
tallization kettle to filtering, washing with ethanol, and
drying, to obtain a metal organic framework precursor;
and putting the obtained metal organic framework
precursor nto a polytetratluoroethylene-lined reaction
kettle, adding oxidative liquor, oxidizing at 50° C. to
60° C. for 2 hours to 6 hours, and subjecting an
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obtained product to filtering, washing, and drying, to
obtain a sulfo-containing metal organic framework
material; wherein the metal precursor salt 1s one or a
combination ol oxides, nitrates, chloride salts, and
acetylacetonates of one or a combination of Al, Mg, Ti,
Cr, Fe, Cu, Zn, Zr, Ce, and Hf; the organic ligands are
one or more combinations of terephthalic acid contain-
ing alkyl sultydryl or amino sulfydryl and trimesic acid
containing alkyl sulfydryl or amino sulfydryl; the metal
organic framework precursor 1s formed by connecting
metal 1ons or metal clusters and organic ligands
through coordination bonds; the oxidative liquor 1s
hydrogen peroxide.

2. The process for reducing the by-products in the bis-
phenol A reaction system according to claim 1, wherein the
step (a) comprises: the phenol and the acetone are synthe-
s1zed 1n a bisphenol A reactor (101), to obtain bisphenol A,
and bisphenol A reaction liquor from an outlet of the
bisphenol A reactor (101) 1s conveyed to a concentration
tower (102) for concentration; light components obtained
from a tower top of the concentration tower (102) are
recovered by a solvent recovery system, to obtain the phenol
and the acetone, and the phenol and the acetone are con-
veyed to the bisphenol A reactor (101); concentrated reac-
tion liquor obtained from a tower kettle of the concentration
tower (102) 1s conveyed to a crystallization reactor (103) for
crystallization with the phenol, to obtain a bisphenol A
adduct and reactor crystallization mother liquor; the bisphe-
nol A adduct 1s conveyed to a dephenolization reactor (104 )
to remove the phenol therefrom, to obtain a bisphenol A
product, the removed phenol i1s conveyed to the mother
liquor recovery system (106); the reactor crystallization
mother liquor 1s conveyed to the mother liquor recovery
system (106) for mother liquor recovery; and the phenol
recovered from the mother liquor recovery system (106) 1s
conveyed to the bisphenol A reactor (101), and the bisphenol
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A adduct recovered from the mother liquor recovery system
(106) 1s conveyed to the crystallization reactor (103).

3. The process for reducing the by-products in the bis-
phenol A reaction system according to claim 1, wherein the
step (b) comprises: one part of recovery system crystalliza-
tion mother liquor obtained after recovery of the phenol and
the bisphenol A adduct from the mother liquor recovery
system (106) 1s conveyed to an 1somerization reactor (107)
filled with the sulfo-containing metal organic framework
catalyst for an 1somerization reaction; the other part of the
recovery system crystallization mother liquor 1s conveyed to
a cracking rearrangement reactor (108) for a cracking rear-
rangement reaction, and an obtained cracking rearrangement
product 1s conveyed to the mother liquor recovery system
(106); wherein, in the 1somerization reaction, the catalyst 1s
contacted with the mother liquor 1 a fixed-bed reaction, the
reaction temperature ranging from 50° C. to 90° C., a
reaction pressure ranging from 0.1 MPaA to 1.0 MPaA, and
a liquid hourly space velocity ranging from 0.1 h™" to 10 h™".

4. The process for reducing the by-products in the bis-
phenol A reaction system according to claim 1, wherein the
step (¢) comprises: an 1somerization product from an outlet
of the 1somerization reactor (107) 1s conveyed to the mother
liquor recovery system (106) for crystallization with the
phenol through the crystallization reactor (103), to obtain
the bisphenol A adduct, and the bisphenol A adduct enters
the dephenolization reactor (104) to remove the phenol
therefrom, to obtain the bisphenol A product.

5. The process for reducing the by-products in the bis-
phenol A reaction system according to claim 2, wherein the
recovery system crystallization mother liquor 1n the step (a)
1s a mixture containing 2,4-BPA, the phenol, and the bis-
phenol A adduct; and the 1somerization reactor 1s a fixed-bed
reactor.
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